Abstract-Extant literature has largely not examined how users critically engage with their physical activity monitors, as objective data sense-making is often deemed superior to users' subjective realities. Our research, however, examines how middle-school youth encounter the representation of their data, as it is converted and actionable in an online game. This ethnographic study illustrates how youth negotiate conflicts between their data and embodied experience. Using a grounded theory approach, our analysis of interviews and focus groups reveals emergent categories of resistance such as youth evaluating the incompatibility of the device, disputing the device's step-count accuracy and syncing, and disputing the game's conversion of steps. In particular, we highlight the ways youth sometimes privileged their embodied recollections over the device's seemingly accurate data. The article also provides a case of a day during implementation when youth converged on a single form of resistance, game conversion, and examines their reasoning and alternate forms of data validation that we saw in-action on that day. Finally, we discuss benefits to learning and critical engagement that result from users' disputes and conclude by positing the promise in designing physical activity monitors for engagement, instead of exclusively persuasion or reward.
INTRODUCTION
W EARABLE and portable technologies allow users to carry experiences, engagements, and interactions from one context to another. When such technologies are leveraged for schooling, learners' experiences from out-ofschool can be brought into the classroom and integrated into the curriculum [1] , [2] . Further, individual data and other traces of everyday life can be more meaningful and compelling than information disconnected from personal experience, and these connections can thus facilitate scientific thinking and reasoning from evidence across a wide spectrum of life environments [3] , [4] .
Yet depending on the design and goals of the given technologies, relationships between users' "subjective" insights and data-facilitated "objective" representations may vary [5] . Some kinds of designs are accompanied by assumptions that privilege data-driven sensemaking, or attempt to persuade the user to align their meanings and/or behaviors with those forwarded by the devices, applications, or their data. In contrast, this article reports on a study in which young wearable technology users actively disputed the personal data representations they encountered, and privileged instead their own remembered and embodied experience.
The article describes what types of reasoning these young users displayed, discusses what can be benefits to learning and critical engagement that result from such disputes, and forwards an alternative way to think about the role of wearable devices and personal data in formal and informal learning contexts.
LITERATURE REVIEW

Quantified Self
The Quantified Self (QS) movement argues that powerful personal transformation can take place via the information provided by wearable devices [6] , [7] . According to proponents, passive data collection from devices such as pedometers, heart-rate monitors, galvanic skin response detectors, and other physical sensors can lead to improved awareness of how personal health metrics are connected to everyday behavioral patterns, particularly behaviors that users may not pay explicit attention to otherwise [8] . These wearable devices and sensors are proliferating in the commercial marketplace and constitute a rapidly expanding segment of the Internet of Things [9] .
In addition to a wide variety of available devices, much of the QS experience comes from interacting with software and dashboards that integrate device data feeds and provide tools for presenting and analyzing data at varying levels of detail [10] , [11] . In health-specific applications, QS dashboards or apps often encourage users to set goals relating to increased physical movement, caloric intake and expenditure, etc, and then the data generated and represented help the user gauge progress toward those goals. This evaluation of progress requires an imperative sense of attending to the data being presented and adjusting, for example, the amount of walking one does during the course of each day, depending on goal proximity. Yet beyond facilitating attention to data, wearable QS devices and their accompanying dashboards are rarely designed to scaffold deep and critical reflection on health-related patterns-particularly the sort of reflection that considers not just isolated behaviors such as walking, but also the antecedents and contextual factors that accompany those actions in the complexities of the real world [12] . In short, QS technologies focused on body movement are designed to give users information about how much they move, but not why they move.
Another drawback to a QS approach is that commercially available devices, applications, and accompanying data tools are largely designed for already health-conscious, middleclass adult populations who have access to existing technological infrastructures to support syncing and analysis [13] . In addition to material resources for support, the intended audience for these tools also tends to possess more data literacy skills for using QS dashboards. These skills are necessary for the kinds of deep data analysis likely to lead to transformational insights, whereas educational research demonstrates that youth tend to lack these skills [14] , [15] . As a result, using the QS approach with populations other than the intended consumers can pose significant challenges [16] .
"Exergames" and Games for Health
A key reason for so much focus on movement in particular as a goal of data-driven behavior change is the current prevalence of obesity and metabolic health problems. Since 1980 the U. S. rate of childhood obesity has doubled from 7 to 18 percent, while the adolescent obesity rate has tripled, growing from 5 to 18 percent [17] . This situation has far-reaching consequences in light of the predictive relationship between obesity and dangerous metabolic and lifestyle-driven diseases later in life, especially in low-income communities [18] . Such diseases currently account for nearly 70 percent of deaths in the United States [19] . Further, even among normal-weight individuals, a sedentary lifestyle can still be a strong predictor of metabolic disease later in life [20] . Given this growing crisis, researchers in many fields seek solutions to ameliorate obesity and increase physical movement among youth.
One currently popular solution involves games promoting health, often termed "exer-games," where the player must move his or her body or large muscle groups as input in order to control or advance the game [21] . Console games such as Nintendo's Wii Fit and arcade-style games like Dance Dance Revolution fall into this category. Yet these existing innovations have shown somewhat limited success outside self-selected niche populations [22] . Recent reviews of research have shown that positive results were demonstrated in a maximum of 40 percent of exergaming clinical studies with overweight or obese youth, regardless of whether the games in question were commercial titles or designed specifically by researchers [23] , [24] . Additionally, a study of active gaming versus passive gaming by youth nationwide found that healthy youth who are already physically active are more likely to engage in active gaming as a recreational choice than overweight or sedentary youth [25] .
A possible explanation for these lukewarm results is that an exergaming approach attempts to sneak exercise into a different category of activity (i.e., gaming), rather than encouraging players to think critically about their fitness in daily life and make changes accordingly [26] . This general approach is referred to as "stealth health," and its goal is quite the opposite of reflection or insight, since players are supposed to be unaware that they are even exercising while playing these games [27] . Other kinds of games are designed to educate and persuade young players about the value of healthy exercise and nutrition practices [28] , [29] , but they still focus on isolated behaviors of movement or eating. These educational health games do not encourage players to reflect on the social and environmental life contexts where their behaviors are situated. In both cases, the agency afforded to players is minimal, since the overall goals, not only in terms of what is considered healthy but also what might be feasible and appropriate given the players' environment, are set by the designers rather than by players themselves [30] .
The aim of persuasive technology is characterized in terms of its outcomes: to create, change, or reinforce behavior, or to compel a user to comply [31] . Some definitions of persuasive technology require that the persuasion is deliberate, such that the desired behavior informs the design process [32] . As such, whether the desired behavior is related to health or something removed from users' bodies like environmental conservation [33] , the goals, means, and outcomes of persuasive technologies are set by designers with very specific agendas in mind. Fogg describes handheld and portable "virtual pets" as one of the earliest forms of behavior-inducing technology for children, including more recent versions that add a pedometer function and require physical movement to keep pets healthy [34] , [35] . Whether virtual pets, exergames, active games, or stealth-health approaches are in play, however, players' physical activity data itself is not made visible or used as a motivator for fitness in the majority of cases. Rather, the data are obscured or translated immediately into behavioral rewards, giving the user/player little to no agency in decision-making and no opportunity to critically engage with the data itself. As Purpura et al argue [36] , the line between persuasion and coercion can be blurred in the application of such technologies, giving rise to questions of ethics as well as user agency.
Sensors, Bodily Data, and Learning
A different use for wearable technologies and physical sensors is their integration into formal learning goals and learning environments. In these cases, the goal is not to change behavior, but rather to change thinking and understanding, usually about topics fairly distantly removed from physical bodies. Fitness devices [37] , [38] , GPS applications [39] , RFID tags [40] , motion sensors [41] and a host of other technologies can engage bodies and minds at the same time [42] , helping to give shape and context to abstract ideas. Educational topics vary widely, but most are contained within mathematics, science, and computing education [43] .
In all these applications, learners examine data taken from their own physical activities and their embodied sense of experience, but there is no denying that data and memory are in fact different ways of encountering the world. In pioneering work on embodied cognition and visualization, Nemirovsky and colleagues identify a distinction between episodic feelings of bodily experiences versus representations of those experiences via data, visuals/graphics, or other external means [44] , [45] . While these authors argue that such phenomena can become "fused" through classroom discourse, wherein a teacher facilitates discussion toward that end, this argument presumes that there is an ultimately unproblematic relationship between data and action, if only the learners can align the two. Yet there are other occasions when physical data representations may be faulty or may not otherwise align with the episodic feeling or embodied recollection of learners' experiences. It is a question whether these occasions are problematic or ultimately counterproductive for learning, or if this mis-alignment can also be harnessed in some way.
RESEARCH QUESTIONS
The inquiry presented in this paper aims to address the issue of learning benefits in the face of perceived mis-alignments between user experience and data representations. What happens when, rather than being persuaded or educated by a particular technology, rather than taking the data it generates as gospel and aligning behavior accordingly, learners instead take issue with the device, the data it generates, the data representations they encounter in various dashboards, the rewards being offered, or the assumptions behind the whole system? What kinds of reasoning about physical activity do learners display in various types of dispute, and what other sources of authority do they appeal to in order to justify their reasoning? How is this reasoning different than when learners accept their data, and how do embodied recollections of their physical activity or other kinds of reasoning play a role in that acceptance or resistance? Finally, what might be the learning benefits of taking a more critical perspective on one's personal data, and what might curriculum and technology designers learn from an examination of this type of data engagement?
STUDY CONTEXT AND METHODS
Designing Personal Data Gaming
Our overall research agenda investigates how youth experience a Quantified Self type of engagement with personal data, but with the added motivations and representations of an online game. Youth in our project wore Fitbit Zip devices, which were selected due to their open-source API, affordability, and their active display (see Fig. 1 ). Pilot studies suggested that this feature was particularly important, so the wearer can glance down at any moment during the day for immediate feedback, rather than waiting to access a dashboard or phone app. When users set up Fitbit accounts, they also have access to the Fitbit website, which provides a dashboard for every user that displays synced data in various graphic formats (bar graphs, circle graphs, etc.) and at various timescales of aggregation (by hour, daily, weekly, etc.).
Rather than assuming what type of game youth would find motivating or appealing, the researchers collaborated with professional game designers to develop the game. We started by working with youth in focus groups to determine a storyline and narrative world they found exciting, what art styles appealed to them, and what game mechanics and dynamics were most enjoyable and easy to follow. At the end of nearly a year of design and testing, the resulting game was Terra. Players of Terra are space explorers who have landed on a desolate planet. They set up individual domed bases, with the goal of completely "terraforming" the planet so that more of their people can come live there. Terra is accessible via most online web browsers (given the appropriate permissions and login) and downloads information from the Fitbit online database each time a player logs in. The game displays an "Energy" window that details how many game moves are possible each game day based on ingame metrics and steps. For example, for each 1,000 steps a player has taken the previous "real-world" day, they get one extra move in the game when they log on. The timescale of the game is such that players get seven "Terra-days" for each real-world day, so they may play up to a week's worth of time in the game (doing activities like exploring terrain, planting and harvesting crops, building their base, caring for creatures, etc.) at each daily login. As the game progresses, the landscape of the world that players create becomes an aggregate visual representation of their synced activity over the variable time frame of the game campaign, with each player's landscape reflecting not only strategic in-game decisions but also the extent of their daily fitness (see Fig. 2 ).
School Site and Participants
Our larger project worked with several classrooms of youth at an average-sized middle school (student body = 625) in Northern California. Student demographics at Greenville Middle School (all place and participant names have been changed to protect location and identities) reveal that 7 percent of students are classified as English Learners, 28 percent receive free meals, and 50 percent are from racial minority groups. The student body is racially heterogeneous, but the largest proportion of students identifies as white. Students at the school come from households with a median income of $60,000.
The data for this paper come from one classroom in 2014-15 and their participating teacher. The total number of students was 26, but our participants were 81 percent male (Girls ¼ 5; Boys ¼ 21). This imbalance is likely due to the self-selection of more male students into the elective "Tech Arts" class whose teacher agreed to partner with the research team. The ethnic distribution of the class was reflective of the overall school population, with 50 percent of students identifying as white (N ¼ 13). Though 19 percent of the participants chose not to answer (N ¼ 5), the students identifying as ethnic minorities totalled six Latino or Hispanic, five Asian or Pacific Islander, one Black or African American, and one as American Indian or Alaskan Native. In addition to their demographic status, most of the participants also self-identified as "healthy" (77 percent). Because the entire project duration was nearly six months, from initial enrollment of subjects in the fall to collection of postproject reflection data in spring, many students had birthdays and changed ages as they participated. In broad terms, however, all of the students were eighth graders ranging in age from 12-14 during the project.
Project Timeline and Key Events
The timeline of device-and-game implementation at this school site was four months long, with Fitbits being introduced first, then a month later introducing the game, and then two months after that concluding the project and wrapping up with student focus groups and individual interviews. As a result of this design, there are two distinct kinds of observations and reflections obtained about students' experiences with their personal data: one is their encounters with the data from the Fitbits devices themselves and the accompanying Fitibit.com dashboard or app, and the other is their encounters with the previous representations plus the in-game data representations and rewards for activity they saw in Terra. In addition to the officially designed benchmarks in the project timeline, there was an additional event in the school calendar, "Articulation Day," that provided a fascinating case of multiple students disputing their in-game data representations and reasoning about disconnects between their experience and their data. Fig. 3 below displays the project timeline and where these events fell in the broader inquiry.
Data Collection and Analysis
Our larger project employs mixed methods, combining quantitative analysis of Fitbit data and game log data with qualitative analysis of ethnographic data. The results presented in this paper come from the qualitative data. This was an ethnographic study in which getting to know our participating youth, their interests and perspectives, and their classroom culture was critical to understanding how they interacted and made meaning out of their devices, their personal data, and Terra. Members of the research team were present in the classroom approximately once a week starting in Novembergaining entry, observing, planning the implementation with the teacher, doing subject enrollment, and obtaining student and parental consent. When the implementation started in January, research team members were present 2-3 times per week and recorded some combination of videos, photos, or ethnograhpic fieldnotes of their observations and conversations with students each time. In addition to classroom observation data, the research team also collected surveys and conducted focus groups and individual interviews with the students who assented to being pulled out of class and videorecorded (approximately 70 percent of students participated in interviews and/or focus groups). We combined the recordings of interviews and focus groups under a single data category called "reflective dialogues." All interviews and focus groups were transcribed and then imported into the Dedoose qualitative analysis tool.
The data analysis process for this paper went through several phases. First, we looked at our ethnographic observation data and noticed broad patterns around youth "complaints" that were specific to the perceived accuracy of some aspect of the system: the devices, the syncing, the ingame rewards, etc. Many of these were not deep reflections, however, but rather one-off comments during whole-class discussions about game development, overheard conversations between students, or isolated remarks made to a researcher while a student was playing Terra and did not want to stop to engage in further conversation. We then turned to the focus groups and interviews to determine if youth had addressed these issues in more detail there.
Reflective dialogue transcripts were analyzed using a modified Grounded Theory approach, wherein we began with individual incidents of richly detailed "complaints" (such as a student who described being sure that the Fitbit did not accurately capture his soccer playing, or another who said she thought she was losing data when she synced) and built outward toward more abstract categories and themes with the addition and comparison of additional cases [46] . As themes emerged, these abstractions were taken back to the data corpus as a whole [47] to ensure they adequately captured the range and subtlety of students' articulations. After the categories of dispute were established, we then developed a series of axial themes for what types of reasoning and evidence students used to support their disputes. Students' narrative vignettes often contained multiple themes, for example when a student complained that the Fitbit did not capture her swimming activity and that this made her look less fit than some peers. Theme tracking, co-occurrence, and expansion/collapse of themes and sub-themes were all managed via Dedoose qualitative analysis software. This articulation of themes from focus groups and interviews is described in Section 5.1.
As we examined our qualitative data and defined emerging themes, one particular classroom day during the project (when the whole research team was present) kept coming up as a touchtone or comparison point in our discussions. As a stand-alone analysis, we saw two primary challenges with the thematic qualitative framework. First, some students' interviews were dominated by reports of different types of athletic activity that were somehow incompatible with the Fitbit, so it was difficult to determine how they viewed their everyday data even for activities that were compatible (such as walking). Second, while students described what they were thinking about or talking about with their friends when they questioned the accuracy of their data, these were self-reports of experiences outside the classroom; we did not actually see this reasoning or conversation in-action or in real time. The project day in question, however, was an instance that held strong potential to fill in both those gaps, because there were multiple real-time instances of students 1) questioning or otherwise disputing their data as it was presented in the game format, and 2) navigating among multiple objective and subjective representations of their walking activity from the previous day.
Our in-situ case episode occurred in the Tech Arts classroom the day after two significant events. One was a design development to address previous problems with server load, wherein the game developers moved Terra to a new server and changed the way the game transferred data from the Fitbit database. The other was a teacher meeting half-day for the middle school, called "Articulation Day," when the students were let out at noon and the teachers spent the rest of the afternoon coordinating curriculum with one another. As per school tradition, students rode their bikes or walked to downtown Greenville, where they ate lunch in small groups at various restaurants and spent the afternoon wandering around downtown, until they returned home at the time school usually let out (approximately 3 pm). The following morning Tech Arts was first period, so students came into the classroom chatting about the events of the previous day and looking forward to their in-game rewards for all the walking they did. To create this case and present it for analysis, our fieldnotes, field memos, video, and photos from that day were combined and reconstituted into a narrative flow to create the ethnographic episode (contained within Section 5.2).
ANALYSIS AND RESULTS
Themes from Interviews and Focus Groups
As we delved into the transcripts of student discourse from reflective dialogues, it became clear that while we had identified a surface level of student "complaints" from the broad field observation data, what students actually described in their deeper reflections was more along the lines of dispute, where some aspect of the whole system was deemed "wrong" in a significant way. Our analytic framework construction revealed that these disputes fell out along a process continuium, representing different points in device, data, and gaming engagement. Second, we discovered that, in cases of disputing their data or its translation into Terra, students also sometimes employed specific kinds of evidence in their articulation about why something was "wrong." Each of these primary engagement-point disputes is described below, presented with an accompanying example from either a focus group or interview conversation. Where applicable, students' evidentiary arguments are also identified as they intersect with the dispute categories.
Theme 1: Device dispute, Form-factor incompatibility. The first type of dispute theme was when students asserted that their data was wrong because the form factor of the Fitbit was incompatible with their chosen athletic activity. Some students swam or played another water-based sport, others did martial arts or wrestling where wearing anything but their uniform was forbidden, and still others did not like to move the Fitbit from their school clothes to their PE clothes. In such cases, the dispute usually involved a claim that their step-counts were artificially low because they had not been wearing their Fitbit during particular fitness activities, thus that data was missing. The following example is taken from an interview with Kelli, who was a swimmer: In the segment above Kelli describes how the Fitbit was only recording her everyday ambulatory activity ("the minimal amount"), but not her fitness activity (swimming). She describes what is narrativized as a dispute with the Fitbit and its dashboard, wherein it tells her how long she has been active while she contradicts it. As a point of evidence for her dispute, she uses peer comparison, pointing to "these soccer players" whose step counts are (she argues) unfairly higher than hers.
Theme 2: Device dispute, Step-capture accuracy. A second emergent theme also was specific to the devices. In this theme, youth actually wore Fitbits during various types of physical activity, but they asserted that the devices were not counting accurately. All instances of this type of dispute were claims that the devices were under-counting their steps, resulting in inaccurately low numbers; youth never asserted that the Fitbit was over-counting their exercise. Often the youth who made this dispute asserted that Fitbits do not effectively track cycling activity; however, many students referenced ambulatory activity also. In the following episode from Jared's interview, he describes a soccer tournament where he expected to get more steps than his Fitbit recorded.
Jared: I wore it this weekend.
Interviewer: Okay. Jared: Because I had a soccer tournament. I was just wanting to see how many steps I got. And, uh, the FitBit did not catch, like, all of the steps, I'm pretty sure.
Interviewer: Oh, it didn't! Okay. Jared: Because it said it only got 2,000 steps and I know I've gotten way more 'cause I was running all the time. And I played the full time and I know I had-I took more than 2,000 steps.
Jared confidently states that the device did not capture his full activity. It seems that he has some step-count number in his head that he believes he should be getting, more than 2000, relative to all his "running around" at the soccer game, and the Fitbit device does not reflect that number. He thus concludes that the device is inaccurate. His evidence for this dispute is remembered embodied experience, in that he says, "I played the full time" and "I know. . .I took more than 2,000 steps." His own sense of what happened during the soccer tournament is trusted above the recording done by the Fitbit.
Theme 3: Syncing dispute. In this type of dispute the students claimed that the devices were accurate, but that data was lost in the process of syncing. From our experiences in the classroom, we know that some students were able to use the Bluetooth function on their smartphones, download the Fitbit app, and sync passively, multiple times per day. Other students, however, who did not have phones with this capacity, needed to sync using the Fitbit USB wireless dongle. We placed a dongle at every computer in the classroom and instructed students to sync whenever they sat down for Terra or other computer work in class. They occasionally forgot, however, or they were caught up in doing other things and didn't want to take time to sync, even if we reminded them. Due to the oddities of the school computer system, students also had to remember to launch the Fitbit app every time they turned on the computers each morning, because the system would shut down all open applications and log out all users overnight. The Fitbit devices themselves would only store seven days worth of data before overwriting, so if the devices weren't synced at least twice a week, overwritten data would be lost. This was particularly a problem over winter and spring vacations, when students were sick or out of class due to a field trip, atheletic event, etc., In the following interview episode, Leo describes being frustrated with encountering missing data in the Fitbit.com dashboard.
Leo: Those charts and things are wrong sometimes. Like it will say 'zero,' and the Fitbit said way more. Leo: Well, sometimes it was. But I'd forget to sync it sometimes too, so then it was like missing.
Here Leo's dispute is not with the Fitbit per se, in terms of how it recorded his activity, but with the fact that all his data from the Fitbit was not showing up when the device was synced. His dispute is with the aggregate representation over multiple days, saying "those charts and things are wrong sometimes." Leo's evidence for his dispute is conflicting representations. Rather than indicating some kind of non-technological reference point (such as his own physical movement or peers), Leo in this case is privileging one data point over another. In describing the Fitbit.com dashboard representation of a whole day in a synced time period versus his own Fitbit device display at the end of a day, Leo contrasts the two: "Like it will say 'zero' and the Fitbit said way more."
Theme 4: Game data conversion dispute. In this last type of dispute, students complained about Terra not giving them credit for all the steps that their Fitbit accumulated. There were two reasons this problem occurred: one was a temporary time-delay in the communication between Terra and the Fitbit database (described further in Section 5.2), and the other was caused by students changing their usernames without informing us, so Terra couldn't querry the Fitbit database correctly when students logged in. As described earlier, for each 1,000 Fitbit steps the previous real-world day, a player would receive one extra move in the game for each game day. So when students logged in to Terra they would see an energy window that told them how many steps they took the previous day and how those steps were converted. In the following episode from a focus group, Georgia and Quinn both complain that they were not receiving the right amount of energy from Terra.
Georgia: Like, I think I lost the interest toward the end. And I couldn't get energy on Terra, when I stopped wearing it.
Interviewer: Ah, yes. Was that a data-transfer problem? Or a userid problem? Quinn: Me too! It was like a bug. I just stopped. I was like, no, like I had so many, like 27,000 steps! Even if I cheated! (laughs around the room) Quinn: . . .aaand I still didn't get any energy. I was like, no. I'm done.
Here Georgia does not specify which type of problem she encountered, because Quinn interrupts her. But in addition to saying that he "didn't get any energy," in this episode Quinn also shares his evidence for this dispute. He is also using conflicting representations (as in the previous theme), in that he compares the Fitbit display ("I had so many, like 27,000 steps!") with the Terra conversion and concludes that Terra is wrong.
These four themes are reflective of students' challenges to their physical activity data throughout the project, some of which began with the Fitbits themselves, before Terra was introduced, while others pertain to the coordination of various representations and technologies. This analysis identified the range of students' disputes with their data, but it was also largely comprised of self-report data about retrospective sense-making; in other words, students described past thinking about their data in particular ways, but we did not see that thinking in-action for many of these instances (e.g., at soccer games, at home, etc.). In the case of Articulation Day, however, we did see several of these types of disputes and evidential reasoning in real time.
Case Episode: "This is Totally Wrong"
Following is a detailed description of what happened on the day after Articulation Day, in first-period Tech Arts class at Greenville Middle School. All of the authors were present on this day, so multiple forms of data were collected. The linear episode below was created by piecing together fieldnotes, photographs, and video taken by different members of the research team on this day, as they interacted with various students or observed the whole group.
Data Alignment. At the beginning of first period, students' discussions of their Fitibit data seem mostly positive, with students not questioning the number of steps they had received the day before, but rather seeming to align with their step-counts and using these numbers as a way of framing their experiences when sharing stories with peers. The first boy in the room, Christian, exclaims to his friends, "I got soooo many steps yesterday, dude! Over twenty thousand. I bet I got the most." A number of the other boys call out to disagree with Christian, shouting, "No way, man!" "We went everywhere!" and other friendly challenges. Other students arrive over the next ten minutes before the bell rings, and they share similar stories and brags about how far they walked. In addition to meetings and destinations, students' conversations are also populated with numbers-ten thousand, fifteen thousand, twenty thousand-such that where they went and what they did are reported simultaneously with their step counts. This idea of personal data as an additional layer of meaning-in essence, learning to see experiences as data points-is consistent with the goals of movements such as Quantified Self and computational thinking.
Game Conversion Disputes. As computers are turned on, browsers opened, and games started up, some students need to sync their Fitbits first before they can play Terra, while others who had already passively synced on their phones log into the game right away. Sam, an eighth grade girl, drums her fingers impatiently on her desktop while waiting for her Fitbit to sync. "Oooooh, I can't wait," she says excitedly to the researcher observing. "I have plans for these steps." As students log into the game, however, some start to exclaim things like "What? That's not right," or "Wait, noooooo!" Hands shoot into the air at many computer stations, so the teacher and the research team spread out to help troubleshoot. Approximately a third of the students have some kind of problem, but the remainder of the episode focuses on Alfredo and his conversations with the first author and a friend, because this example contains within it several of the different kinds of reasoning and problem-solving we saw enacted by other individuals.
Upon arriving at Alfredo's workstation, the first author finds him waving one hand in the air and glaring at his "Energy" pop-up window in Terra, which shows the stepcount conversion and total number of game moves available for that gameday (see Fig. 4 ). The following conversation happens:
Alfredo: This is totally wrong. I know I got at least twelve thousand steps yesterday. Conflicting Representations. Alfredo then opens up another web browser window and moves it over to the second monitor at his workstation, so he can look at both Terra and fitbit.com at the same time (see Fig. 5 ). The fitbit.com window is at first displaying only the steps Alfredo took that morning, so he clicks on the "Yesterday" link, and the screen displays a daily total of just over 12,000, with the majority of the steps taken between the hours of noon and 3 pm. "See? I knew it! That's right! Jeez!" Alfredo shouts triumphantly, but then his mood shifts and he becomes dejected again, as he sighs, "Terra must be messed up."
In this segment Alfredo is presented with conflicting representations of his physical data: one that aligns with his memories of his own embodied experience and his Fitbit device display from the previous day, and one that does not. His conclusion is that the aligned representation is "right" and that the non-aligned representation is "messed up."
Peer Comparison. Alfredo does not stop there, however, and he seeks additional validation for the higher step count. His friend Carlos is sitting at the next workstation (see Fig. 6 ), and Alfredo initiates a three-way conversation among Carlos, the researcher, and himself.
Alfredo: Carlos knows I got all those steps. We were together. He probably got the same.
Researcher: Ok, good. Researcher: Carlos, did you sync your Fitbit this morning when you got here?
Carlos: [points to his phone on the desk] Nah. I always just use the app. I never sync with the computers here. It's too slow.
Data Re-Alignment. The researcher suggests that Alfredo try starting a new game day, so Alfredo does, and a new energy window shows up, grabbing his data again. This time, the blue-highlighted step count shows just over 12,000 steps, which, combined with his in-game bonuses, leaves him with 19 daily moves for the rest of the gamedays to play this period. "Yes!" Alfredo exclaims excitedly. "That's what I'm talking about!" He immediately clicks out of the Energy window and starts feeding his creatures and harvesting his crops.
At this point, the principal researcher heads off to ask other students who sync with their phones if they are having trouble. None of them are, so she then informs the other frustrated students, the other members of the research team, and the teacher that the problem seems to be with a lag in importing all of the recently synced data. Students who are experiencing this problem have all synced less than ten minutes ago when they entered the classroom. Ultimately they find that after they reload their energy windows by ending their first Terra game day, the next Energy total that shows up is aligned with their Fitbit device data from the previous day. Students then happily play Terra, pleased with the extra energy return on all of yesterday's walking, for the rest of the period.
Cross-Data Analysis
What both the thematic analyses of reflective dialogues and the case episode reveal is that how students reconcile their personal data with their embodied experience varies dramatically depending on alignment and context of dispute. In the reflective dialogues, students had disputes with the Fitbit capturing physical activity other than walking or running. Students also disputed their aggregate data due to problems with syncing and data loss due to overwriting. Yet in the Articulation Day episode, all these types of disputes were held constant, because the primary activity being recorded was walking, and because all students synced their data from the previous day. As such, the game-conversion type of dispute was the focal point of the episode.
Two different sets of reconciliation experiences occurred during the case episode, depending on how students synced their devices. Those who synced their devices using their smartphones had an experience in which the data representations they encountered-on their Fitbit device display the previous day, on their Fitbit phone app, and in Terra that morning-were consistent with and in fact aligned with their memories and narratives of what they did and where they went. These students played the game without issue, and their positive reactions consisted of variations on Carlo's response, "It's sweet."
Those who did not sync until they arrived at school that morning, however, had an experience in which their memories of the previous day-their embodied sense of what they did and where they went, as well as their memories of their Fitbit device display during and after their movementswere conflicting with the data as represented in Terra. These students (and the researchers, as they tried to help figure out what was going on) used various means to attempt to reconcile this conflict.
One means of reconciliation is social. This aspect is evident even at the beginning of the episode, during data alignment. Some students adopted a social-competitive stance toward their data framing, as can be seen in the part of the episode where Christian and his friends good-naturedly argued with one another about who "got the most." In instances of conflict, however, students used the social alignment of their experience with others as a means of evaluating the accuracy of the data being shown in the game or on Fitbit.com. In the episode, Alfredo engaged in a comparative dialogue with Carlos, who accompanied him around town on the previous day.
This pattern of comparison, wherein personal experience or social peer calibration are held up as objective standards against which data representations are evaluated to judge their accuracy, is fairly different from the Quantified Self model, in which memories or perceptions are supposedly biased and in need of objective data to help the device user gain some meaningful insight. Yet in the episode, an obvious disconnect between embodied experience and data on the screen led to a series of interesting negotiationsconversations about accuracy, comparisons among multiple on-screen representations, and a clear investment by the student in seeing the data align with his own embodied experience, as well as receive the appropriate in-game "credit" for his activity.
In fact, one of the reasons the Articulation Day episode was so striking was that it was otherwise rare to see students scrutinizing their data across multiple platforms and graphic representations. Alfredo displayed intense engagementopening up two windows to look at his Fitbit.com dashboard and his Terra dashboard simultaneously, looking closely at his activity data graph to locate all the walking he had done the previous day, and recruiting assistance from an adult and a peer to help him solve the problem. Yet this type of reasoning and intensity was simply not characteristic of his or anyone else's data engagement the rest of the time. So while the first part of class on that particular day was temporarily frustrating for Alfredo (and the rest of the students who had the same problem), it also provided an opportunity for sensemaking across multiple data representations and critical thinking about the alignment (or lack thereof) between data and experience-something those students with device accuracy issues also considered throughout the project, but in different ways. In both cases, youth were not persuaded to trust a data-centric view of their own lives, but that does not mean they did not learn from the experience.
DISCUSSION AND CONCLUSIONS
Over the past few years, since wearable activity monitors have become prevalent in the commercial marketplace, there have been numerous news stories in the popular press evaluating the accuracy and impact of these devices [48] . Results of such evaluations often conclude that there is a fairly narrow range of activities and body placement that will result in somewhat accurate readings, but that accuracy varies widely outside of this narrow range, and that perceptions of inaccuracy or incompatibility with users' chosen fitness activities can lead to decreased motivation and use. In light of these challenges (or design flaws, depending on perspective) it seems that the skepticism of some of the Greenville students was warranted. Wearable fitness tracking devices cannot be relied on to provide completely accurate or socially comparable data across a wide spectrum of physical activities. As such, if researchers and educators insist on adhering to a Quantified Self model of data supremacy, and framing wearable physical activity monitors and accompanying applications (including Terra) as persuasive technologies, then there is an obvious problem. Youth cannot be expected to align their behavior to problematic data representations.
Yet there is another way to think about this set of technologies, objectively accurate or otherwise, and their relationship to learning and behavior. In Bower and Sturman's framework for articulating the educational affordances of wearable technologies [49] , fitness tracking devices like Fitbit and their accompanying dashboards might most obviously be categorized as having "recording" affordances, since they provide a record of physical activity that is then given back to the user in data-graph form. Yet the analysis presented in this article suggests that perhaps they could be better described as "engagement" technologies instead.
Key to the affordances for engagement with fitness devices, however, is that learning environments must encourage youth to examine, challenge, negotiate, reconcile, and even ultimately reject their data. Discussions about what kinds of movement are easier for the device to track, and thus why a runner's data might look different than a soccer player's, would be that much more engaging when based on personal data, but all this presupposes the idea that data can be wrong. In this study, the error caused by the time lag in Terra was fixed the very next day after the case episode, so students no longer had experiences where their Terra data did not match their Fitbit data. But Kelli's problem still persisted, since a waterproof device that could be used with Terra did not exist at the time, so her sense of the reward system being "unfair" was warranted. As such, the design of these devices and their supporting technologies need to be more adaptive and designed for engagement rather than exclusively persuasion or reward.
Certainly there were several limitations to this study. First and foremost, while the Articulation Day episode turned out to be a serendipitous opportunity for making youth thinking and dispute more visible, so we could explore these topics in depth, this event was not a designed feature of the overall project but rather resulted from a bug in the game. Given what we learned about the value of critical engagement with data representation and/or data conversion, in future iterations of the project we will build in opportunities for such critical engagement, but without the frustration and potential turn-off or loss of motivation that could result from a game failure. The occurrence of Articulation Day as a school event also allowed the research team to examine a day when nearly all youth experienced the same kind of mobility over the same time period. This was not a designed feature either, but in future iterations (and at other schools where Articulation Day per se does not happen), we will build in a "walking field trip" or other comparable event. Finally, the number of subjects in this study allowed us to find some common themes in interviews and focus groups around types of dispute, but we did not have enough participants to create meaningful subgroups. Exploring themes within subgroups of participants who all shared similar challenges with the devices (for example, individuals with compatible versus incompatible sports participation) could have yielded even richer and more nuanced insights about device designs and potential adaptations.
A way to think about this adapation is the distinction Berkovsky makes between persuasive technologies and personalized technologies [50] . Berkovsky argues that persuasive and personalized technologies both strive to help users reach goals by tracking user activities, recording interests or preferences, and giving direct feedback. But persuasive technologies have a fixed goal in mind and strive to influence users toward that goal, allowing users to only set incremental goals along the way, while personalized technologies allow users to set their own goals. Examples of personalized self-improvement games are SuperBetter [51] and UbiFit [52] , both of which allow users to choose their own goals and set their own rewards, including "backup goals" that account for contextual difficulties that might impact user behavior.
Our research also has implications for game design. First and foremost, this work illustrates the important role of infrastructure and support when youth engage with games for health. A major factor that impacted our youth participants' experience was their ability to sync the Fitbit with their personal smartphones versus relying on the classroom computers to sync. For games to effectively integrate players' physical and virtual experiences, designers must address issues of access to technology and recognize that opportunities for access will vary and have a real impact on players' experiences.
Additionally, instead of promoting "stealth health," as is common in many exergames, this research suggests that games for health can draw players' attention to their physical activity in a way that prompts reflection. While future research is needed to continue this line of inquiry, this research suggests that questioning "objective" data by explicitly negotiating between multiple sources of devicecollected data and the users' embodied experience can be a powerful opportunity for data literacy acquisition. Furthermore, it may be the case that this reflection can promote a deeper engagement with both the data and the physical activity, thus potentially creating more opportunities for developing long-term healthy behaviors. In this way, this research not only has implications for game design, but it also has implications for the ways designers approach and adapt the Quantified Self movement. Both the QS and games for health movements implicitly rely on passive users-wearable devices passively collect data that users analyze later, and some games for health encourage immersion in a fictional world such that users exercise without focusing on the exercise. Our research suggests that alternative game design, wherein users are encouraged to actively reflect upon the relationship between their embodied experiences and the objective data that facilitates virtual game play, may increase data literacy and healthy behavior development.
Yet design limitations are only part of the problem. Other studies have examined physical activity monitor or mobile device use with youth, from the perspective of the effectiveness of these technologies at spurring increased exercise or other healthy behavioral changes. Some studies employ aesthetic and creative representations of activity such as fishponds [53] and gardens [54] , in an effort to motivate behavior and encourage reflection on overall patterns and life choices. As Baumer and colleagues argue, however, definitions of reflection in studies of technologies designed to promote reflection are often extremely vague [55] . Baumer proposes that reflection has three steps: breakdown, inquiry, and transformation [56] . Of these, Baumer notes that transformation is by far the most challenging for designers. In our study, we found that instances of dispute (breakdown) prompted students to think about what might account for discrepancies between their lived experience and their data representations (inquiry). Ultimately, however, those representations that aligned with students' own embodied and social conceptions of their activity were privileged, so it is doubtful that transformation of a behavioral sort actually occurred. From an educational perspective, however, behavioral impact might not be the loftiest goal, but rather inquiry itself. Learning is certainly transformation. Learning to parse personal data, to evaluate it, to think about the device designs that yield it, and to criticize it when necessary-all these are valuable outcomes.
Eventually the field of available wearable activity monitors might expand to include waterproof devices for swimmers, or axial movement devices for soccer players, or customized goals and rewards. But as long as researchers and designers continue to privilege "objective" data sensemaking over users' lived realities, or expect unproblematic alignment between the two, the learning potential for achieving the goals of critical data literacy and critical data engagement will be missed. It is perhaps debatable whether or not these goals are consistent with the Quantified Self movement, but they are most definitely goals of education.
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